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RANGE AND SPLITTER SYSTEM 

BACKGROUND OF THE INVENTION 
[0001] This invention relates to a commercial vehicle transmission having 
an auxiliary box, and more particularly, the invention relates to a configuration of 
actuators for manipulating the pistons used in shifting the gears of the auxiliary box. 

[0002] Commercial vehicle transmissions typically include a manual or 
automated manual main gear box with an auxiliary box connected to the main gear 
box to provide additional gear ratios. For example, a commercial transmission 
providing eleven speeds may utilize an auxiliary gear box having three gear planes 
with two shift forks. Such an arrangement is shown in prior art Figure 1A. The 
transmission 10 includes a piston housing 12 having a first 14 and second 16 bores 
with first 18 and second 20 shift shafts respectively arranged within the bores 14 and 
16. Ends of the shift shafts 18 and 20 respectively support first 22 and second 24 
pistons. The first 22 and second 24 pistons separate the first 14 and second 16 bores 
into first 26, second 28, third 30 and fourth 32 chambers. The chambers 26, 28, 30, 
and 32 are pressurized to move the pistons 22 and 24 from left to right to selectively 
engage gears within the auxiliary box of the transmission 10. 

[0003] Pressurized air is selectively provided to the chamber 26, 28, 30 
and 32 by four solenoids A, B, C and D. Only one of the chambers for each of the 
bores is pressurized at any one time to provide a desired gear set. The resultant gear 
sets for an eleven speed transmission is shown in Figure IB. A first gear set including 
first gear is achieved by pressurizing the second 28 and fourth 32 chambers by turning 
solenoids B and D on. A second gear set including gears 2 through 6 may be 
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achieved by pressurizing the second 28 and third 30 chambers by turning solenoids B 
and C on. A third gear set including gears 7-11 may be selected by pressurizing the 
first 26 and third 30 chambers by turning solenoids A and C on. 

[0004] The solenoids are rather expensive. Furthermore, the greater 
number of solenoids used with the transmission 10 the larger the piston housing 12 
that is required thereby adding weight and increasing cost. Therefore, what is needed 
is an improved method and apparatus of achieving a desired gear set while reducing 
the overall weight and cost of the transmission. 

SUMMARY OF THE INVENTION 
[0005] The present invention provides an auxiliary gear box of a 
transmission including a piston housing having a first and second bore. A first piston 
is arranged within the first bore and separates the first bore into first and second 
chambers. A first shift shaft extends form the first piston and is connected to a first 
shift bore for selectively engaging a first auxiliary gear in response to actuation of the 
first piston. A second piston is arranged within the second bore separating the second 
bore into third and fourth chambers. A second shift shaft extends form the second 
piston and is connected to a second shift fork for selectively engaging a second 
auxiliary gear in response to actuation of the second piston. In one example, this 
invention provides first, second and third actuators for selectively actuating the 
pistons. Unlike the prior art auxiliary gearbox shifting system, this invention only 
uses three actuators by fluidly connecting the first actuator to the first chamber. The 
second actuator is fluidly connected to the second and fourth chambers, and the third 
actuator is fluidly connected to the third chamber. 
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[0006] The exposed surface area of the piston in the chamber having the 
shift shaft is less than the exposed surface area of the piston on the chamber opposite 
the shift shaft. As a result, if both chambers of a bore are pressurized, the piston will 
move in the direction of the chamber having the shift shaft since a greater force will 
be generated on the piston in the chamber without the shift shaft. In one example, the 
second and fourth chambers include the portions of shift shafts. Designing the 
auxiliary box shifting arrangement with this relationship in mind enables one actuator 
in a typically four actuator system to be eliminated. Accordingly, the cost of the 
transmission would be reduced by eliminating a solenoid and reducing the size and 
machining of the piston housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Other advantages of the present invention can be understood by 

reference to the following detailed description when considered in connection with 
the accompanying drawings wherein: 

[0008] Figure 1A is a schematic view of a prior art shifting configuration 
for an auxiliary box; 

[0009] Figure IB is a table depicting the state of the actuators to effectuate 
various desired gear sets and gear ratios for the prior art system shown in Figure 1 A; 

[0010] Figure 2 is a perspective view of this invention; 

[0011] Figure 3 A is a schematic view of the shifting arrangement of this 
invention; and 

[0012] Figure 3B is a table of the actuator states for the shifting 
configuration shown in Figure 3 A. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0013] An example of the inventive transmission 10 is shown in Figure 2. 
The transmission 10 includes a main box 36 with an auxiliary box 34 secured to the 
main box to provide additional gear ratios to those provided by the main box. The 
auxiliary box includes a piston housing 12 secured to the auxiliary box 34 with three 
actuators supported on the housing 12. In the example shown, the actuators are 
solenoids A, B and C for a three gear plain auxiliary box having two shift forks. 
Unlike the prior art system shown in Figure 1A, only three actuators are needed to 
obtain the desired gear sets for the desired number of gear ratios. 

[0014] The solenoids A, B and C are connected to a controller 38 that 
receives a gear request signal from a gear selector 40. The controller 38 interprets the 
signal and commands the solenoids A, B and C to achieve the desired gear set for the 
requested gear ratio. Although the example transmission 10 includes three gear sets 
having eleven gear ratios, it is to be understood that this invention applies to any 
number of gear sets resulting in any number of gear ratios. 

[0015] Referring to Figure 3A, an example of this invention is 
schematically depicted. The transmission 10 includes an auxiliary box 34 connected 
to a main box 36, as well known in the art. The piston housing 12 includes first 14 
and second 16 bores arranged therein. A first shift shaft 18 is arranged within the first 
bore 14, and a second shift shaft 20 is arranged within the second bore 16. Pistons 22 
and 24 are slideably supported by the first 18 and second 20 shift shafts respectively 
within the first 14 and second 16 bores. The piston 22 may be referred to as a range 
piston and the piston 24 may be referred to as a slitter piston. The pistons 22 and 24 
separate the first 14 and second 16 bores into first 26, second 28, third 30, and fourth 
32 chambers. The pistons 22 and 24 move from the neutral positions as shown in 
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Figure 3A to the left and right positions depicted in phantom in response to actuation 
of the solenoids A, B and C and pressurization of the chambers 26, 28, 30 and 32. 

[0016] The first 18 and second 20 shift shafts respectively support first 49 
and second 50 shift forks for shifting clutch collars 47 and 48 that are supported on a 
gear shaft 42. The shifting arrangement shown is schematic. For example, the gear 
shaft 42 may support both of the clutch collars 47 and 48. Moreover, other gears may 
be supported on the gear shaft 42, which may cooperate with the clutch collars 47 and 
48 to achieve the desired gear sets and gear ratios. 

[0017] The solenoids A, B and C are connected to a pressurized fluid 
source 52 such as pressurized air for supplying the pressurized air to the chambers 26, 
28, 30 and 32. For the configuration shown, the first shift shaft 18 extends from the 
range piston 22 into the second chamber 28. The second shift shaft 20 extends from 
the splitter piston 24 into the floor chamber 32. The exposed surface area of the 
pistons 22 and 24 is greater in the first 26 and third 30 chambers than in the second 28 
and fourth 32 chambers. For example, the ratio of exposed surface area of the pistons 
between the first 26 and third 30 chambers and the second 28 and fourth 32 chambers 
may be approximately 2:1. As a result, if both chambers of a bore are simultaneously 
pressurized, the piston will move in the direction of the chamber having the shift shaft 
since the force generated on the piston on the side opposite the shift shaft will be 
greater than the force generated on the piston on the side with the shift shaft. This 
relationship may be accounted for in the design process of the auxiliary box shifting 
configuration to eliminate one of the solenoids. 

[0018] This invention fluidly connects one of the actuators to two 

chambers, which results in three chambers being pressurized for at least one of the 

desired gear sets in the example shown. Referring to Figure 3B, the first gear set 
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includes a first gear ratio. The first gear set is achieved by turning solenoid B on 
while solenoids A and C are off. Turning solenoid B on pressurizes the second 28 
and fourth 32 chambers which moves the range piston 22 and splitter piston 24 to the 
left. 

[0019] The second gear set, which includes gear ratios 2-6 is achieved by 
turning solenoids B and C on while solenoid A is off. The second 28, third 30 and 
fourth 32 chambers are pressurized, which moves the range piston 22 to the left and 
the splitter piston 24 to the right. Although both chambers of the second bore 16 are 
pressurized, the splitter piston 24 moves to the right since the force on the piston on 
the third chamber side is greater than the force on the piston on the fourth chamber 
side. 

[0020] A third gear set including gear ratios 7-11 is obtained by turning 
solenoids A and C on and solenoid B off. The first 26 and third 30 chambers are 
pressurized moving the range piston 22 and splitter piston 24 to the right. 

[0021] The invention has been described in an illustrative manner, and it is 
to be understood that the terminology that has been used is intended to be in the 
nature of words of description rather than of limitation. Obviously, many 
modifications and variations of the present invention are possible in light of the above 
teachings. It is, therefore, to be understood that within the scope of the appended 
claims the invention may be practiced otherwise than as specifically described. 
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